Background: There is mounting evidence for HPV involvement in cervical cancer Human Papilloma Virus DNA is detected by hybridization techniques in 75 -100% of patients with condylomas, precancerous cervical dysplasia, and invasive carcinoma.
Introduction
Epidemiologic data have long implicated a sexually transmitted agent, based specifically on the risk factors for cervical cancer. These risk factors include early age at first intercourse, multiple sexual partners, and a male partner with multiple previous sexual partners. A recent survey of gynecologic cytology reporting practices found a median reporting rate of 3.9% for atypical squamous cells of undetermined significance (ASC) (1) . Although in most patients with ASC a significant lesion will not be found in subsequent examination, they require further evaluation because 5% to 10% of patients initially diagnosed with ASC actually have high-grade dysplasia (2) .
Until recently, management of patients with ASC often involved colposcopic examination and cervical biopsy (3) .
Human Papilloma Virus (HPV) is the known cause of the venereally transmitted vulvar condyloma accuminatum. It is also suspected to be an oncogenic agent in a variety of squamous tumors and proliferative lesions of skin and mucus membranes; however, there is mounting evidence for HPV involvement in cervical cancer (4, 5) . The strongest evidence is that HPV DNA is detected by hybridization techniques in 75 -100% of patients with condylomas, precancerous cervical dysplasia, and invasive carcinoma. Since the mid to late 1990s, testing for HPV DNA in Pap tests has been shown to be a useful adjunct in triaging patients with ASC test results for colposcopy. It has been shown that HPV DNA testing using the Hybrid Capture II assay, or HCII (Digene, Beltsville, MD), performed better than repeated cytology in triaging patients with ASC (4). In addition, reflex high-risk HPV DNA testing offers the same life expectancy while remaining more cost-effective than other management strategies (5, 6) .
In a recent meta-analysis, it has been reported that in a small but significant number of women, no abnormalities were found by colposcopicdirected cervical biopsy after a diagnosis of ASC with positive high-risk HPV DNA testing (4) . In most cytologic-histologic correlation studies, colposcopic biopsy often is regarded as the "gold standard" on which gynecologic cytologic screening is to be judged. However, several studies have demonstrated that histologic examination is far from perfect. The aim of this study was investigating factors that may contribute to falsenegative colposcopic biopsy results in positive high-risk HPV DNA results.
Materials and methods
The material of this study included all recorded cases in the archive of the Medical Records Department of the Institute received in our lab from different Governorate areas and referred to Damanhour National Medical Institute Hospital (DNMI) -Egypt, during the period from January 2004 to August 2006.
A computerized search identified patients with ASC Pap test results and positive results of reflexive high-risk HPV DNA testing during the period from January 2004 to August 2006. All Pap tests included in the study were liquid-based preparations. The medical records were reviewed. Patients who underwent subsequent colposcopic-directed biopsy and/or endocervical curettage with no histologic evidence of HPV infection or dysplasia were selected for the study.
Cytologic specimens were obtained by using an endocervical brush. Reflex HPV DNA testing was performed on the residual sample after the cytologic report was issued and within 2 weeks of receipt of the specimen by the laboratory.
HPV DNA testing was performed using the Hybrid Capture II System according to the manufacturer's protocol. Briefly, double-stranded DNA is denatured into single-stranded DNA and combined with RNA probes. If HPV DNA is present in the specimen, the resulting RNA-DNA hybrids are immobilized in a capture tube coated with antibodies that recognize and bind the hybrids. A second, enzyme-linked antibody, when added to the capture tube, is capable of binding the immobilized RNA-DNA hybrids at multiple sites. On the addition of a chemiluminescent substrate, the presence of HPV DNA is detected. The presence of multiple binding sites for the detection antibody provides a means for signal amplification. Only high-risk HPV types (16, 18, 31, 33) were tested in accordance with the ASCCP guidelines (6) . A threshold of 1 pg of HPV DNA per milliliter of test solution was considered a positive result.
All surgical specimens were fixed in 10% buffered formalin. Then 3-to 4-mm blocks were made, processed routinely, and embedded in paraffin blocks. Three levels were obtained from each block and stained with H&E.
The original H&E-stained glass slides were reviewed. For cases that still were diagnosed as negative for dysplasia or HPV cytopathic effect on review, 3 additional H&E-stained levels were obtained. For the few cases in which there was disagreement regarding the original and reviewed diagnoses, the discrepancy was recorded, and no other tissue sections were ordered. The diagnoses made on the new tissue levels were compared with the original histologic diagnoses.
Statistical analysis
Results are expressed as the mean. Clinical and other data were analyzed using Mann-Whitney, as applied by the computerized statistical program SPSS.
Results
From January 2004 to August 2006, a total of 1983 Pap tests were evaluated in our lab. Approximately 80% were ThinPrep preparations, and the remaining specimens were conventional smears. Of all the Pap tests reviewed, 240 (12.1%) were diagnosed as ASC. Only cases submitted in liquid-based preparation were eligible for high-risk HPV DNA testing. As a result, 126 ASC (Figure 1 , 2) Pap tests were submitted for HPV DNA testing. In 14 cases (10.5%), the quantity was insufficient and the specimens were excluded from the study, leaving a total of 112 cases that ultimately were evaluated. High-risk HPV DNA was detected in 38 cases, accounting for 34.0% of all cases with sufficient quantity for HPV DNA testing. Overall, 28.0% of patients with an ASC interpretation underwent histologic follow-up. Of these patients, 19 (62.1 %) had high-risk HPV DNA identified by Hybrid Capture, and of these, 17 (87.8 %) of the patients had a cervical intraepithelial neoplasia (CIN) lesion ( Figure 3 ). As a result, 12.2% of the cases were identified with positive reflexive HPV DNA testing for high-risk subtypes and a negative cervical biopsy result, accounting for 4.5% of all ASC Pap tests submitted for reflexive HPV DNA testing. Paraffin blocks were not available for 1 case, which was excluded. The biopsy specimens were obtained within 1 year from the collection of the cytology specimens; the median interval between the biopsy and the Pap test was 6 months.
Review of the original H&E-stained sections revealed that 4 cases had histologic evidence of HPV or mild cervical dysplasia (CIN 1). Moderate and severe dysplasias were not observed. In the remaining cases, no histologic evidence of dysplasia or HPV cytopathic changes was noted during review. When 3 additional H&E-stained levels were reviewed, clinically significant lesions were noted in 29% of the cases.
HPV or low-grade dysplasia (CIN 1) was noted in 18% of cases, high-grade dysplasia (CIN 2/3) in 8% of cases, and dysplasia, not otherwise specified, in 3% of cases (Table I) (Figure 3, 4 A,  B) . In total of 29% of patients were lost in follow-up. Among patients who had been followed-up, 14% had persistent ASC Pap test results. In addition, 11% patients had cytologic and/or histologic evidence of clinically significant lesions on followup, 9% had low-grade dysplasia or HPV cytopathic changes, and 2% had high-grade dysplasia. The remaining patients had negative repeated Pap test results. 
Discussion
Many authors agree with statement that correlation of cytologic and corresponding histologic findings is one of the several recommended performance indicators in gynecologic cytology (9) (10) (11) (12) (13) (14) .
The reported rates of cytologic-histologic differences range from 11% to 47 %( 8, [14] [15] [16] [17] [18] . According to the College of American Pathologists' Q-Probes study of 22,439 correlations in 348 laboratories, the mean rate of cytologichistologic discrepancies was 16.5% (11, 32) . Because of the medicolegal implications, it is not surprising that most cytologic-histologic correlative studies have focused on false-negative cytologic diagnoses. In contrast, relatively little has been written on the subject of false-positive cytologic diagnoses (16) (17) (18) . The reported rate of false-positive cases ranged from 5.5% to 7.0% (7, 18) . Tritz et al (1995) , reported that factors related to colposcopic biopsy, including sampling and interpretation errors, were the most common causes of a discrepancy between cytologic and corresponding histologic findings (8, 31) . Also, Anderson and Jones (1997) demonstrated that as many as 45% of the cases subsequently developed SIL, indicating an initial "false-negative" biopsy result rather than a "false-positive" cytologic result in a review of negative cervical biopsy specimens with corresponding cytologic specimens positive for a squamous intraepithelial lesion (SIL) during the preceding 3 months (7) . Therefore, in our study, rather than accepting histologic findings as the true indicator of cervical pathology, we attempted to determine the extent of histologicrelated factors that contribute to false-positive high-risk HPV DNA results.
Many factors have been found to influence the outcome of cytologic-histologic correlative studies. These factors include the quality of cytology specimen collection, fixation, processing, and interpretation. The outcome of the correlative study also depends on the quality of colposcopic examination, biopsy specimen collection, biopsy specimen processing, the extent of biopsy specimen evaluation, ie, the number of sections and levels examined, and the biopsy diagnosis.
ASCCP published new guidelines for managing patients with cervical cytologic abnormalities (6, 33) . It is recommended that patients with an initial cytologic interpretation of ASC be tested for high-risk HPV DNA. A recent meta-analysis reported that the sensitivity and specificity of HPV DNA testing for detection of high-grade cervical dysplasia were 94.8% and 67.3%, respectively (4) .These authors also reported a substantial number of false-positive cases, ranging from 16% to 45%. In our study, we found a false-positive rate of 4.5%, much lower than the results reported in the literature. Our end point was the detection of biopsy-proven CIN 1 or HPV cytopathic changes or worse, whereas for the meta-analysis, biopsyconfirmed CIN 2 or worse was the end point. Coste et al (2003) reported a false-positive rate of 6.2% for HPV DNA testing when used in the setting of cervical cancer screening (19) . Our study population consisted of patients who were diagnosed with ASC, whereas the populations of other cytologic-histologic correlation studies before the use of HPV DNA testing consisted of patients with a cytologic diagnosis of low-grade SIL or worse (7, 34) . Even so, our false-positive rate was compatible with the rates in these studies.
Most studies agree with our results in use of histologic findings rather than cytologic findings as the gold standard. Ferris et al (2005) for the ASCUS-LSIL Triage study (ALTS) trial reported poor inter-observer agreement (κ = 0.36) in colposcopy (20, 34) . In our study, about one third of the "false-positive" cases could be attributed to histologic examination-related factors. Underinterpretation of the biopsy specimen is one such factor. Inter-observer variability in evaluating cervical biopsy specimens has been reported (21, 24) . The differentiation between reactive squamous cellular changes and low-grade SILs (CIN 1 and HPV cytopathic changes) is particularly difficult and controversial histologically. About 4% of our false-positive cases were due to underinterpretation of HPV cytopathic changes or CIN 1 in the biopsy specimen. We did not encounter any cases in which a high-grade SIL (CIN II/III) was under-diagnosed. Although it could be argued that this 4% error rate merely represents inter-observer variability, our rate is similar to that reported in the literature, where errors in interpretation account for 3.4% to 33% of all cases with false-positive cytologic-histologic discrepancie (8, 17) .
Histopathological factors, including the number of levels examined have been found to be the major source of errors that could account for some false-positive HPV DNA results. In our study, we found HPV cytopathic changes and/or dysplasia in approximately one third of the cervical biopsy specimens when additional levels were obtained. Many workers agree with these observations (8, 17) .
Another possible explanation for false-positive HPV DNA testing is found in the follow-up data for patients who tested positive for high-risk HPV but had negative biopsy results despite examination of additional histologic levels. Of this subset of patients, 11% showed an SIL in subsequent studies within a 1-year period after the initial negative biopsy result. An additional 14% continued to have abnormal cells on Pap tests. The initial negative biopsy result may be due to sampling error during colposcopic examination. This is supported by the ALTS trial that showed that the 2-year cumulative risk of developing CIN 2 or 3 was 27% in women with HPV-positive ASCUS and an initially negative colposcopic biopsy result (25, 26) .
Although high-risk HPV DNA testing is more objective than the Pap test, legitimate falsepositive HPV DNA test results have been encountered (19) . One situation that may give rise to false-positive results is when the previous sample contains a high load of low-risk HPV DNA; chemiluminescent emission from such a sample might result in false reactions in contiguous samples. Although the specificity of the second generation of the Hybrid Capture assay is quite good, the presence of a very high load of low-risk HPV DNA in the sample can cross-hybridize with high-risk HPV DNA probes, giving rise to falsepositive results for the high-risk subtypes. The incidence is very low, less than 2%, and is dependent on the cutoff value (19, 22, 23) . However, cross-hybridization with low-risk HPV DNA should not result in a discrepancy between HPV DNA test and histologic results.
There were a substantial number of ASC cases in the present study population with a positive HPV DNA test result, a negative biopsy result, and a negative repeated Pap test result, supporting the validity of the negative biopsy diagnosis. This may be due to the natural history of HPV infection. It has been reported that HPV infections can be transient and episodic, especially in younger women (27, 28) . If the HPV infection for a particular woman is newly acquired, the infection most likely will resolve; the longer an infection persists, the less likely this becomes. According to Ho et al (1998) the probability that a newly acquired HPV infection will resolve is 31% during the first 6-month period, 39% during the second and 11% in the third 6-month period after infection (27) . A similar pattern also is observed with SILs (29, 30) . Most of our cases underwent biopsy within one year of Pap or HPV DNA test. It is reasonable to assume that some of the newly acquired HPV infections might have resolved before the patients underwent colposcopic examination and directed biopsy, resulting in falsepositive HPV DNA testing.
Conclusion
In almost one third of cases, clinically significant lesions were found when additional levels were examined. Regression of HPV infection and the associated morphologic abnormalities provide a likely explanation for another percentage of the discrepant cases. We recommend that additional levels have to be obtained when initial histologic sections do not demonstrate evidence of dysplasia or HPV cytopathic changes after a cytologic diagnosis of ASC and a positive HPV DNA test result. This is particularly important if there is a discrepancy between the size of the tissue sample on the slide and that observed grossly. Close follow-up is crucial when the initial cervical colposcopic biopsy result is negative because a small number of patients will have squamous abnormalities in subsequent examination.
